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Description
BACKGROUND
1. Field of the Invention

[0001] The presentinvention relates to a brushless di-
rect current (BLDC) motor, and more particularly, to a
method of controlling a constant current of a BLDC motor
capable of significantly increasing airflow relative to a
pressure by receiving a constant current of a BLDC motor
as feedback and controlling a rotational speed of the
BLDC motor, and a controller of a BLDC motor using the
same. Furthermore, itrelates toa BLDC motor being driv-
en by such a controller or by such a method and to a
range hood comprising such BDLC motor.

2. Discussion of Related Art

[0002] Generally, a cooking table on which a heating
device such as an electric heater or a gas range for cook-
ing such as boiling or baking through an application of
high-temperature heat to food is disposed is provided in
a kitchen.

[0003] In this case, in a process of heating food to be
cooked which is heated by a high temperature of the heat-
ing device disposed on the cooking table, contaminants
such as smoke, odor, oil vapor, and the like are gener-
ated. Such contaminants may float due to the heat and
diffuse throughout a kitchen or an entire room, and the
diffused contaminants provide an unpleasant odor which
causes aversion. Specifically, in a closed kitchen, these
contaminants become factors that degrade the concen-
tration of workers and harm the health of the workers.
[0004] Accordingly, a range hood for discharging con-
taminants such as smoke, odor, oil vapor, and the like
which arc generated when food is cooked to the outdoors
is provided in a kitchen.

[0005] Such a range hood may include a main body
which forms an exterior of the range hood, a fan which
sucks air into the main body and generates airflow for
discharging the air to the outside, a filter which is installed
in the main body and filters the air sucked into the main
body, and a pipe or duct which forms a path for discharg-
ing the air sucked into the main body through the filter to
the outside.

[0006] Since a predetermined power is supplied to an
alternating current (AC) motor used in a conventional fan
for each airflow mode, it is impossible to control a rota-
tional speed of a fan. Conversely, a brushless direct cur-
rent (BLDC) motor has an advantage in that a rotational
speed of a fan may be controlled.

[0007] In the case of a conventional BLDC motor, ini-
tially, the motor was controlled by a method of controlling
a rotational speed at a constant speed for each airflow
mode. However, in the case of a rotational speed control
method (i.e., a so-called revolutions per minute (RPM)
control method), when there is a flow resistance (a load)
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in an outlet of a hood, airflow generated in the hood is
decreased even when the fan rotates at the same rota-
tional speed.

[0008] Specifically, in the case of the RPM control
method, airflow generated by the BLDC motor may be
greater than airflow generated by an AC motor when
there is little flow resistance in the outlet of the fan. How-
ever, when a flow resistance of a certain level or more is
generated, use of the AC motor results in greater airflow
(see FIG. 5).

[0009] In consideration of the above characteristics,
by applying a method of controlling a fixed current in a
BLDC motor, it is possible to control airflow to be the
same as or greater than that of an AC motor even when
high or low flow resistance is generated in an outlet of a
fan. However, in this case, since there is no difference
in efficiency of airflow generation between an AC motor
and a BLDC motor (see FIG. 5) as the flow resistance in
an outlet of a fan is increased, it is unnecessary to apply
a BLDC motor which requires complicated control there-
to.

[0010] Meanwhile, an airflow mode of a range hood is
setto generate airflow intended by range hood designers.
The airflow is determined in consideration of a structure
of a main body, a fan, and a filter constituting a product.
However, a structure of a duct behind the fan of the range
hood may not be controlled by the designers of the range
hood. Therefore, when an installation structure or envi-
ronment of the range hood is changed (i.e., when the
range hood is installed in another apartment or the like),
the airflow intended by the designers is not generated in
the airflow mode of the range hood installed in the cor-
responding environment and this may lead to a degra-
dation of performance of the product.

[0011] Therefore, even when the installation environ-
ment of the range hood is changed, the BLDC motor
should be controlled to generate the airflow intended by
the designers so that the range hood may efficiently op-
erate to meet the designed intention thereof. Also, these
characteristics are not limited to the range hood.

[0012] CN 103 123 124 A discloses a high-efficiency
gang control device of an extractor hood and a gas stove.
The high-efficiency gang control device comprises an ex-
tractor hood and the gas stove and is characterized in
that a gas stove control system and a gas stove human-
machine interface are arranged on the gas stove, a step
motor for controlling a fuel valve is arranged on each of
a left fuel valve and a right fuel valve of the gas stove
and is connected with the gas stove control system, a
wireless transmitting module is arranged on the gas stove
control system, an extractor hood control system and an
extractor hood human-machine interface are arranged
on the extractor hood, an extractor hood motor in the
extractor hood is connected with the extractor hood con-
trol system, and a wireless receiving module correspond-
ing to the wireless transmitting module is arranged on
the extractor hood control system. The extractor hood
control system acquires a firepower signal of the gas
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stove through the wireless modules and the rotating
speed of the extractor hood motor is regulated according
to the firepower signal of the gas stove.

SUMMARY

[0013] The present invention is directed to a method
of controlling a brushless direct current (BLDC) motor
according to claim 1.

[0014] Further, the present invention is directed to a
controller of a BLDC motor comprising a BLDC motor
according to claim 9.

[0015] Further, the present invention is directed to a
range hood according to claim 15.

[0016] The object is solved by the features of the in-
dependent claims. Preferred embodiments are given in
the dependent claims.

[0017] According to the presentinvention, there is pro-
vided a a method of controlling a brushless direct current
BLDC motor, the method comprising:comparing a con-
stant current of a three-phase-to-two-phase converter of
an output port of a BLDC motor to a reference current of
a present air flow mode;as a result of the comparison,
applying speed command to a rotational speed control
unit; andcontrolling, by the rotational speed control unit,
a speed of the BLDC motor according to the applied
speed commands,wherein as the result of the compari-
son, applying an increase speed command to a rotational
speed control unit when the constant current is lower
than the reference current, applying a decrease speed
command to the rotational speed control unit when the
constant current is higher than the reference current, and
maintaining and applying the same speed command to
the rotational speed control unit when the constant cur-
rent is the same as the reference current.

[0018] The reference current may have a preset value
corresponding to each of multi-stage airflow modes.
[0019] The speed commands may be applied to the
rotational speed control unit after present speed (o) of
the BLDC motor is fed back thereto.

[0020] The rotational speed control unit may include a
speed controller (11) and a current controller (12), the
speed command may be applied to the speed controller,
and the speed controller may apply a current command
(I*qse) corresponding to the applied speed command to
the current controller.

[0021] The current command may be applied to the
current controller after the constant current of the output
port of the BLDC motor is fed back thereto.

[0022] The method may further include, in a process
of entering a higher speed airflow mode than a present
airflow mode, obtaining an instant speed of the BLDC
motor at a time point at which the constant current of the
output port of the BLDC motor exceeds an entering ref-
erence current of a corresponding airflow mode, and ap-
plying the obtained instant speed to the rotational speed
control unit as a speed command (o**,,,) and completing
a process of entering the corresponding airflow mode.
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[0023] The entering reference current may have a
higher value than a preset reference current of the cor-
responding airflow mode.

[0024] The instant speed of the BLDC motor may be
obtained using a sensorless method. According to an-
other aspect of the present invention, there is provided
a controller of a BLDC motor comprising a BLDC motor,
and a rotational speed control unit including a speed con-
troller configured to generate a current command for con-
trolling a rotational speed of the BLDC motor,wherein the
controller of a BLDC motor further comprises a constant
current control unit configured to receive a constant cur-
rent of the three-phase-to-two-phase converter of an out-
put port of the BLDC motor as an input, to compare the
constant current to a reference current, and to output a
speed command to the rotational speed control unit,
wherein the constant current control unit outputs an in-
crease speed command when the constant current is
lower than the reference current, outputs a decrease
speed command when the constant currentis higher than
the reference current, and maintains and outputs the
same speed command when the constant current is the
same as the reference current.

[0025] A command in which a present speed (o) of
the BLDC motoris fed back to the speed command output
from the constant current control unit may be input to the
speed controller.

[0026] The controller of the BLDC motor may further
include a motor sensing unit (18) or motor sensor.
[0027] The motor sensing unit (18) is configured to re-
ceive a voltage and current of an input end of the BLDC
motor (16) and a voltage and current of the output port
thereof and output values of current rotational angular
position (6,,) and rotational speed (®,,) of the BLDC mo-
tor, wherein the rotational speed output from the motor
sensing unit may be fed back to the speed command
output from the constant current control unit.

[0028] In a process of entering a higher speed airflow
mode than a present airflow mode, the constant current
control unit may obtain an instant speed of the BLDC
motor at a time point at which the constant current of the
output port of the BLDC motor exceeds an entering ref-
erence current of a corresponding airflow mode, apply
the obtained instant speed to the rotational speed control
unit as the speed command, and enter the corresponding
airflow mode.

[0029] The entering reference current may have a
higher value than a preset reference current of the cor-
responding airflow mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other objects and advantages
of the present invention will become more apparent to
those of ordinary skill in the art by describing exemplary
implementations thereof in detail with reference to the
accompanying drawings, in which:
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FIG. 1is a control block diagram illustrating a brush-
less direct current (BLDC) motor rotational speed
control algorithm;

FIG. 2 is a control block diagram illustrating a BLDC
constant current constant control algorithm;

FIGS. 3 and 4 are flowcharts illustrating a process
of controlling a BLDC motor; and

FIG. 5 is a graph illustrating experimental results il-
lustrating a relationship between a static pressure
and airflow in the cases of controlling rotational
speed of a BLDC motor to be fixed, controlling cur-
rent of a BLDC motor to be fixed, controlling airflow
of a BLDC motor is fixed, and using an alternating
current (AC) motor.

DETAILED DESCRIPTION OF EXEMPLARY IMPLE-
MENTATIONS

[0031] Hereinafter, exemplary implementations of the
present invention will be described in detail with refer-
ence to the accompanying drawings.

[0032] The present invention is not limited to the im-
plementations to be disclosed but by the appendent
claims. The implementations are provided in order to fully
explain the present disclosure to those skilled in the art.

[Rotational Speed Control Unit]

[0033] FIG. 1isadiagramillustrating a brushless direct
current (BLDC) motor rotational speed control algorithm.
Referring to FIG. 1, a rotational speed of a BLDC motor
16 is controlled by a rotational speed control unit 10. That
is, the rotational speed control unit 10 controls the BLDC
motor to rotate the BLDC motor at a desired speed. The
rotational speed control unit 10 includes a speed control-
ler 11 and a current controller 12. In some implementa-
tions, at least one of the speed controller 11 and/or the
current controller 12 can be a proportional integral con-
troller.

[0034] A value of a g-axis current command I*, cor-
responding to the rotational speed of the BLDC motor 16
is mapped in and/or provided to the rotational speed con-
trol unit 10. The current command is generated by a
speed controller 11. The current command generated by
the speed controller 11 is input to a current controller 12
after a value of a g-axis constant current I ¢, output from
an output port of the BLDC motor 16 is fed back thereto.
After a value of a d-axis constant current | 4o, output from
the output port of the BLDC motor is fed back to a d-axis
command current I* 45, having a value of 0, the d-axis
command current I*y, is also input to the current con-
troller 12. The fed back signals |, and |, are subtract-
ed from the d-axis command current I* 4, and the g-axis
current command I*;¢, correspondingly.

[0035] The current controller 12 receives the current
commands, to which the constant currents are fed back,
as inputs to generate a d-axis command voltage V* e

and a g-axis command voltage V* ¢, and the d-axis com-
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mand voltage V*4.. and the g-axis command voltage
V*qse are input to a two-phase-to-three-phase converter
13.

[0036] The two-phase-to-three-phase converter 13
converts a two-phase command voltage into a three-
phase command voltage and inputs the converted three-
phase command voltage to a digital pulse width modu-
lation (DPWM) control unit 14. The DPWM control unit
14 controls switching of an inverter 15 corresponding to
the above input and controls the BLDC motor 16. A three-
phase-to-two-phase converter 17 converts a three-
phase voltage into a two-phase voltage and inputs the
two phase voltage into a motor sensing unit 18 and/or
provide the two-phase voltages or currents as fed back
signal to current command signals.The motor sensing
unit 18, which estimates a rotational angular position and
rotational speed of a motor using a sensorless algorithm,
compares a current and voltage detected in the BLDC
motor to a current and voltage output from the current
controller 12, and estimates and outputs a current rota-
tional angular position 8,,, and a current rotational speed
oy, of the motor.

[0037] The currentrotational speed of the motor output
from the motor sensing unit is continuously monitored,
and thus the value of the g-axis current command I*
output from the speed controller 11 is determined by the
current rotational speed of the motor.

[Constant Current Control Unit]

[0038] When a rotational speed of the BLDC motor 16
is controlled by only the above-described rotational
speed control unit 10, a rotational speed of a motor which
rotates a fan may be constantly maintained at a target
rotational speed. However, when a flow resistance in an
outletof a ductorthe like located behind the fan according
to an installation environment of a range hood or the like
is large, airflow generated by the fan is decreased even
though the rotational speed of the motor is maintained
(see @ of a pressure quantity (PQ) diagram in FIG. 5).
That is, the fan rotates, but required airflow designed by
designers is not generated.

[0039] In such a situation, although a rotational speed
of the fan is maintained, a phenomenon in which the con-
stant current of the BLDC motor is decreased occurs
since work that the fan does to generate the airflow de-
creases. Therefore, in order to prevent the airflow from
decreasing even when a discharge resistance increases,
it is necessary to increase the rotational speed of the fan
and increase work that the BLDC motor does to generate
the airflow by controlling the BLDC motor so that the con-
stant current does not decrease.

[0040] Accordingly, an example in which a constant
current is controlled in a closed loop, that is, is feedback-
controlled will be described.

[0041] FIG. 2 is a control block diagram illustrating a
BLDC constant current constant control algorithm, and
FIGS. 3 and 4 are flowcharts illustrating a process of
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starting a BLDC motor. In FIG. 2, in relation to FIG. 1, a
BLDC motor includes the rotational speed control unit 10
of the BLDC motor illustrated in FIG. 1 and further in-
cludes a constant current control unit 20 which continu-
ously receives a value of a constant current |,¢, of the
BLDC motor 16 and outputs a rotational speed command
o*, of the BLDC motor to the rotational speed control
unit 10 based on the value of the constant current | .
The constant current |, is directly provided to the con-
stant current control unit 20.

[0042] Compared to the case in which the rotational
speed control unit 10 independently controls the BLDC
motor 16 at a rotational speed designated according to
a mapping value for each airflow mode, when the con-
stant current control unit 20 controls the BLDC motor
together with the rotational speed control unit 10, a rota-
tional speed of the BLDC motor 16 is controlled so that
a constant current of the BLDC motor 16 becomes con-
stant. In the constant current control unit 20, a reference
current required for each airflow mode is set. That is, it
may be understood that a higher reference current is set
for a higher airflow mode.

[0043] Referringto FIG. 2, a constant currentcontroller
21 of the constant current control unit 20 compares a
current constant current I, of the BLDC motor to a ref-
erence current lgy that is required for a corresponding
airflow mode of multiple airflow modes for a fan. The con-
stant current controller 21 outputs the rotational speed
command o*, to the speed controller 11 of the rotational
speed control unit 10 according to the comparison result.
[0044] A present speed o, of the BLDC motor 16 is
fed back to the speed command w*, of the constant cur-
rent controller 21, and the speed command o*, of the
constant current controller 21 is input to the speed con-
troller 11 of the rotational speed control unit 10. The
speed controller 11 controls the BLDC motor 16 so that
the BLDC motor rotates based on the rotational speed
input from the constant current controller 21.

[0045] Referringtoamethod of controllinga BLDC mo-
tor in detail with reference to FIGS. 2 and 4, a value of
the constant current ., of an output port of a BLDC
motor is continuously provided to the constant current
controller 21 of the constant current control unit 20. The
constant current controller 21 compares the provided val-
ue of the constant current to the reference current I of
a corresponding airflow mode.

[0046] As a result of the comparison, when the con-
stant current of the motor is the same as the reference
current (i.e., when intended airflow is generated), the
present speed command o*, is constantly maintained,
when the constant current is less than the reference cur-
rent (i.e., when less than the intended airflow is generat-
ed), an increase speed command is output, and when
the constant current exceeds the reference current (i.e.,
when more than the intended airflow is generated), a
decrease speed command is output.

[0047] Also, the rotational speed control unit 10 con-
trols the rotational speed of the BLDC motor based on
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the speed command. Even in the controlling process of
the motor, the value of the constant current I, of the
output port of the BLDC motor is continuously provided
to the constant current controller 21 of the constant cur-
rent control unit 20 so that the feedback-control is con-
tinued.

[0048] Such a feedback-control method corresponds
to a current variation control since a target rotational
speed of the BLDC motor may be continuously changed
to maintain the constant current. Effects of increasing the
airflow according to the current variation control are illus-
trated in FIG. 5. That is, compared to the case in which
the rotational speed of the BLDC motor is controlled by
only the rotational speed control unit 10 (see @ of FIG.
5), when the current variation control for constantly main-
taining the constant currentis performed as in the present
invention (see ® of FIG. 5), it may be confirmed that a
discharge resistance is increased, and thus the largest
airflow is generated even when a static pressure increas-
es.

[0049] It may be confirmed that, compared to the case
in which the rotational speed of the BLDC motor is con-
trolled by supplying a fixed current to the BLDC motor
(see @ of FIG. 5), there is a better airflow generation
effect. That is, a value of a current required to further
increase the airflow may vary according to a static pres-
sure. Since such arequirement may not be satisfied when
the BLDC motor is controlled by a fixed current being
supplied thereto, it may be understood that less than re-
quired airflow is generated. That is, a PQ diagram illus-
trated in ® of FIG. 5 may be obtained when the constant
current control unit 20 and the rotational speed control
unit 10 are used together as described above.

[0050] Meanwhile, the reference current I is prefer-
ably set to be a numerical range and not to be a certain
value of a corresponding airflow mode. The reference
range is preferably set so that a variation of the constant
current in each airflow mode is minimized.

[0051] Although an example in which the motor sens-
ing unitusing the sensorless algorithm is used is illustrat-
ed in the above-described implementations, the method
of controlling a BLDC motor of the present invention may
be applied even though various types of other motor
sensing units such as an encoder and the like are applied.

[Airflow Mode Entering Process Control]

[0052] The airflow mode control described above re-
lates to control after entering an airflow mode. However,
when using a motor sensing unitusing a sensorless al-
gorithm, the algorithm is significantly accurate after en-
tering an airflow mode but may have a factor thatis some-
what unstable during control in a process of entering the
airflow mode. Specifically, when the airflow mode is
changed in a direction in which airflow increases, there
is a concern about a speed fluctuation when using the
sensorless algorithm.

[0053] Accordingly, the airflow mode entering process
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control illustrated in FIG. 3 is additionally performed to
remove the speed fluctuation phenomenon. First, when
the airflow mode is changed by a user, a timer, or the
like, whether a corresponding change command is for
increasing or decreasing the airflow is determined. When
the airflow mode is changed in a direction in which the
airflow decreases, problems such as a speed fluctuation
and the like do not occur, and thus the process enters
the constant current control process (see FIG. 4) de-
scribed above. That is, the speed of the BLDC motor is
lowered by performing the constant current control de-
scribed above based on the reference current |4 corre-
sponding to the lowered airflow mode.

[0054] Meanwhile, when the airflow mode is changed
in the direction in which the airflow increases, the con-
stant current controller 21 outputs a speed command cor-
responding to the changed reference current I, of the
corresponding airflow mode or an entering reference cur-
rent, which is set to be slightly higher than the reference
current g4 of the corresponding airflow mode, toincrease
the speed of the BLDC motor. Even in this process, the
value of the constant current |5, of the BLDC motor is
also continuously provided to the constant current con-
troller 21.

[0055] When the airflow mode is changed in the direc-
tion in which the airflow increases, whether the constant
current exceeds the entering reference current, which is
set to be slightly higher than the reference current of the
corresponding airflow mode, is determined. In a state in
which the constant current is not yet more than the en-
tering reference current, the control of the BLDC motor
is continued to continuously increase the speed thereof.
[0056] As a result of the motor control through which
the speed is increased, when the constant current of the
output port of the motor exceeds the entering reference
current, the constant current control unit 20 obtains a
rotational speed of the BLDC motor at a time point at
which the constant current exceeds the entering refer-
ence current. The constant current control unit 20 outputs
the obtained rotational speed to the rotational speed con-
trol unit 10 as a temporary speed command o**, for en-
tering the airflow mode.

[0057] As a result of the control of the rotational speed
control unit 10 based on the temporary speed command
o**, for entering the airflow mode, when it is determined
that the instant speed of the BLDC motor exceeds the
temporary speed command o**,, for entering the airflow
mode, the entering of the airflow mode is finally complet-
ed. After the entering of the airflow mode is completed,
the control illustrated in FIG. 4 is continued.

[0058] The controlofthe airflow mode entering process
is because a speed fluctuation phenomenon in which the
entering of the airflow mode is performed without any
problem when the airflow mode is lowered, but the airflow
mode does not stably reach the increased airflow mode
when the airflow mode is increased. That s, in the above-
described airflow mode entering process control, after
the rotational speed of the BLDC motor is raised to a

10

15

20

25

30

35

40

45

50

55

higher temporary airflow mode than a target airflow
mode, the BLDC motor is controlled again in the target
airflow mode (having a lower airflow than in the temporary
airflow mode), and thus the speed fluctuation phenome-
non may be addressed.

[0059] In the control method of a controller of a BLDC
motor since a BLDC constant current constant control
algorithm is used, airflow is hardly decreased even when
there is a flow resistance in an outlet of a fan rotated by
the BLDC motor.

[0060] Accordingly, even when the fan rotated by the
BLDC motor is installed in an environment in which a flow
resistance inevitably varies, a designed airflow can be
generated.

[0061] Suchacontrolmethod can be applied to all mul-
ti-stage airflow modes only by setting a reference current
of each of the airflow modes and controlling a rotational
speed to match the constant current of the BLDC motor
to a corresponding reference current.

[0062] Also, since the control method of the present
invention can prevent a speed fluctuation phenomenon
(i.e., a so-called chattering phenomenon) which occurs
during an airflow mode changing process, specifically, a
speed increasing process, the BLDC motor can stably
operate.

Claims

1. A method of controlling a brushless direct current
BLDC motor, the method comprising:

comparing a constant current (lqe) of a three-
phase-to-two-phase converter (17) of an output
port of a BLDC motor (16) to a reference current
(lsq) of @ present air flow mode; characterised
in that

as a result of the comparison, applying speed
command (o*,,) to arotational speed control unit
(10); and

controlling, by the rotational speed control unit
(10), a speed of the BLDC motor (16) according
to the applied speed commands (o),
wherein as the result of the comparison, apply-
ing an increase speed command (o*,) to a ro-
tational speed control unit (10) when the con-
stant current (l,e) is lower than the reference
current (l4), applying a decrease speed com-
mand (o* ) to the rotational speed control unit
(10) when the constant current (lys) is higher
than the reference current (lg;4), and maintaining
and applying the same speed command (®*,)
to the rotational speed control unit (10) when the
constant current (l;¢c) is the same as the refer-
ence current (lgyg).

2. The method of claim 1, wherein the reference current
(lstg) has a preset value corresponding to a respec-
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tive mode of a multi-stage airflow.

The method of claim 1 or claim 2, wherein the speed
commands (o*,) are applied to the rotational speed
control unit (10) after a present speed (w,,) of the
BLDC motor (16) is fed back thereto.

The method of any one of claim 1 to claim 3, wherein:

the rotational speed control unit (10) includes a
speed controller (11) and a current controller
(12);

the speed command is applied to the speed con-
troller (11); and

the speed controller (11) applies a current com-
mand (I*qse) corresponding to the applied speed
command (o*,) to the current controller (12).

The method of claim 4, wherein the current com-
mand (I*4s¢) is applied to the current controller (12)
after the constant current (l4se) of the three-phase-
to-two-phase converter (17) of the output port of the
BLDC motor (16) is fed back thereto.

The method of any one of claim 1 to 5, in a process
of entering a higher speed airflow mode than the
present airflow mode, the method further compris-

ing:

obtaining an instant speed of the BLDC motor
(16) at a time point at which the constant current
(Iqse) of the three-phase-to-two-phase converter
(17) of the output port of the BLDC motor (16)
exceeds an entering reference current of a cor-
responding airflow mode; and

applying the obtained instant speed to the rota-
tional speed control unit (10) as a temporary
speed command (o**,,) and completing a proc-
ess of entering the corresponding airflow mode.

The method of claim 6, wherein the entering refer-
ence current has a higher value than a preset refer-
ence current of the corresponding airflow mode.

The method of any one of claims 1 to 7, wherein the
instant speed of the BLDC motor (16) is obtained
using a sensorless method.

A controller of a BLDC motor comprising a BLDC
motor (16), and a rotational speed control unit (10)
including a speed controller (11) configured to gen-
erate a current command (I%4s¢) for controlling a ro-
tational speed of the BLDC motor,

wherein the controller of a BLDC motor (16) fur-
ther comprises a constant current control unit
(20) configured to receive a constant current
(Iqse) of the three-phase-to-two-phase converter
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15.

(17) of an output port of the BLDC motor (16) as
an input, to compare the constant current (l;se)
to a reference current (lgy),

characterised in that

the constant current control unit (20) is further
configured

to output a speed command (o*,) to the rota-
tional speed control unit (10),

wherein the constant current control unit (20)
outputs an increase speed command (®*y)
when the constant current (l,.) is lower than
the reference current, outputs a decrease speed
command (o*,,) when the constant current (Iqse)
is higher than the reference current, and main-
tains and outputs the same speed command
(0*y) when the constant current (lgse) is the
same as the reference current.

The controller of the BLDC motor of claim 9, wherein
a command in which the present speed (o) of the
BLDC motor (16) is fed back to the speed command
(o*,,) output from the constant current control unit
(20) is input to the speed controller (11).

The controller of the BLDC motor of claim 9 or 10,
further comprising a motor sensing unit (18) config-
ured to receive a voltage and/or current of an input
end of the BLDC motor (16) and a voltage and/or
current of the output port of the BLDC motor (16) and
output values of a current rotational angular position
(6,) and a current rotational speed (o) of the BLDC
motor,

wherein the rotational speed (w,,) output from the
motor sensing unit (18) is fed back to the speed com-
mand output (o*,) from the constant current control
unit (20).

The controller of the BLDC motor of any one of claims
9 to 11, wherein:

the rotational speed control unit (10) further in-
cludes a current controller (12); and

the current command (I*s) is applied to the cur-
rent controller (12).

The controller of the BLDC motor of claim 12, where-
inthe current command is applied to the current con-
troller (12) after the constant current (Iqse) of the
three-phase-to-two-phase converter (17) of the out-
put port of the BLDC motor (16) is fed back thereto.

The controller as claimed in any one of the claims
9-13 and controlled by a method as claimed in any
one of claims 1-8.

Range hood comprising a fan being driven by a
BLDC motor (16) controlled by a controller as
claimed in any one of the claims 9-13 and controlled
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by a method as claimed in any one of the claims 1-8.

Patentanspriiche

Verfahren zum Steuern eines blirstenlosen Gleich-
strommotors, BLDC-Motors, wobei das Verfahren
Folgendes umfasst:

Vergleichen eines konstanten Stroms (lys) ei-
nes Drei-Phasen/Zwei-Phasen-Umsetzers (17)
eines Ausgangsanschlusses eines BLDC-Mo-
tors (16) mit einem Referenzstrom (lg4) einer
aktuellen Luftstrombetriebsart;
gekennzeichnet durch

Eingeben eines Drehzahlbefehls (0*) in eine
Drehzahlsteuereinheit (10) als ein Ergebnis des
Vergleichs; und

Steuern einer Drehzahl des BLDC-Motors (16)
gemal den eingegebenen Drehzahlbefehlen
(@*,) durch die Drehzahlsteuereinheit (10),
wobei als das Ergebnis des Vergleichs ein Dreh-
zahlerhéhungsbefehl (o*,) in eine Drehzahl-
steuereinheit (10) eingegeben wird, ein Dreh-
zahlabsenkungsbefehl (o*,,) in die Drehzahl-
steuereinheit (10) eingegeben wird, wenn der
konstante Strom (lqse) hoher als der Referenz-
strom (lgq) ist, und derselbe Drehzahlbefehl
(0*p,) beibehalten und in die Drehzahlsteuerein-
heit (10) eingegeben wird, wenn der konstante
Strom (lyse) gleich dem Referenzstrom (lgyy) ist.

Verfahren nach Anspruch 1, wobei der Referenz-
strom (lg4) einen vorgegebenen Wert aufweist, der
einer jeweiligen Betriebsart eines mehrstufigen Luft-
stroms entspricht.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei
die Drehzahlbefehle (»*,,) in die Drehzahlsteuerein-
heit (10) eingegeben werden, nachdem eine vorge-
gebene Drehzahl (w,,,) des BLDC-Motors (16) zu ihr
riickgekoppelt worden ist.

Verfahren nach einem der Anspriiche von Anspruch
1 bis Anspruch 3, wobei:

die Drehzahlsteuereinheit (10) eine Drehzahl-
steuereinrichtung (11) und eine Stromsteuer-
einrichtung (12) enthalt;

der Drehzahlbefehl in die Drehzahlsteuerein-
richtung (11) eingegeben wird; und

die Drehzahlsteuereinrichtung (11) einen
Strombefehl (I*qse), der dem eingegebenen
Drehzahlbefehl (o*,) entspricht, in die Strom-
steuereinrichtung(12) eingibt.

5. Verfahren nach Anspruch 4, wobei der Strombefehl

(I"gse) in die Stromsteuereinrichtung (12) eingege-
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ben wird, nachdem der konstante Strom (l4.) des
Drei-Phasen/Zwei-Phasen-Umsetzers (17) des
Ausgangsanschlusses des BLDC-Motors (16) zu ihr
rickgekoppelt worden ist.

Verfahren nach einem der Anspriiche 1 bis 5 in ei-
nem Prozess des Eintretens in eine Luftstrombe-
triebsart mit héherer Drehzahl als jene der aktuellen
Luftstrombetriebsart, wobei das Verfahren ferner
Folgendes umfasst:

Erhalten einer momentanen Drehzahl des
BLDC-Motors (16) zu einem Zeitpunkt, zu dem
der konstante Strom (lse) des Drei-Pha-
sen/Zwei-Phasen-Umsetzers (17) des Aus-
gangsanschlusses des BLDC-Motors (16) ei-
nen Referenzeintrittsstrom einer entsprechen-
den Luftstrombetriebsart Gberschreitet; und
Eingeben der erhaltenen, momentanen Dreh-
zahl in die Drehzahlsteuereinheit (10) als einen
vorlibergehenden Drehzahlbefehl (o**;) und
AbschlieBen des Prozesses des Eintretens in
die entsprechende Luftstrombetriebsart.

Verfahren nach Anspruch 6, wobei der Referenzein-
trittsstrom einen hdheren Wert als ein vorgegebener
Referenzstrom der entsprechenden Luftstrombe-
triebsart aufweist.

Verfahren nach einem der Anspriiche 1 bis 7, wobei
die momentane Drehzahl des BLDC-Motors (16) un-
ter Verwendung eines sensorfreien Verfahrens er-
halten wird.

Steuereinrichtung eines BLDC-Motors, die einen
BLDC-Motor (16) und eine Drehzahlsteuereinheit
(10), die eine Drehzahlsteuereinrichtung (11) ent-
halt, die konfiguriert ist, einen Strombefehl (I*se)
zum Steuern einer Drehzahl des BLDC-Motors zu
erzeugen, umfasst,

wobei die Steuereinrichtung eines BLDC-Mo-
tors (16) ferner eine Konstantstrom-Steuerein-
heit (20) umfasst, die konfiguriert ist, einen kon-
stanten Strom (l;sc) des Drei-Phasen/Zwei-
Phasen-Umsetzers (17) eines Ausgangsan-
schlusses des BLDC-Motors (16) als einen Ein-
gang zu empfangen, um den konstanten Strom
(Igse) Mit einem Referenzstrom (lgy) zu verglei-
chen,

dadurch gekennzeichnet, dass

die Konstantstrom-Steuereinheit (20) ferner
konfiguriert ist, einen Drehzahlbefehl (o*,) an
die Drehzahlsteuereinheit (10) auszugeben,
wobei die Konstantstrom-Steuereinheit (20) ei-
nen Drehzahlerhdhungsbefehl (o*,) ausgibt,
wenn der konstante Strom (l,sc) niedriger als
der Referenzstrom ist, einen Drehzahlabsen-
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kungsbefehl (o*,) ausgibt, wenn der konstante
Strom (lyse) hGher als der Referenzstromist, und
denselben Drehzahlbefehl (o*,) beibehalt und
ausgibt, wenn der konstante Strom (lys) gleich
dem Referenzstrom ist.

Steuereinrichtung des BLDC-Motors nach Anspruch
9, wobei ein Befehl, in dem die aktuelle Drehzahl
(®,) des BLDC-Motors (16) auf den Drehzahlbefehl
(@*,), der von der Konstantstrom-Steuereinheit (20)
ausgegeben wird, riickgekoppelt wird, in die Dreh-
zahlsteuereinrichtung (11) eingegeben wird.

Steuereinrichtung des BLDC-Motors nach Anspruch
9 oder 10, die ferner eine Motorerfassungseinheit
(18) umfasst, die konfiguriert ist, eine Spannung
und/oder einen Strom von einem Eingangsende des
BLDC-Motors (16) und eine Spannung und/oder ei-
nen Strom vom Ausgangsanschluss des BLDC-Mo-
tors (16) und Ausgangswerte einer aktuellen Dreh-
winkelposition (6,,) und einer aktuellen Drehzahl
(®,) des BLDC-Motors zu empfangen,

wobei die Drehzahl (o.,), die von der Motorerfas-
sungseinheit (18) ausgegeben wird, zu dem Dreh-
zahlbefehlsausgang (o*,) von der Konstantstrom-
Steuereinheit (20) riickgekoppelt wird.

Steuereinrichtung des BLDC-Motors nach einemder
Anspriche 9 bis 11, wobei:

die Drehzahlsteuereinheit (10) ferner eine
Stromsteuereinrichtung (12) enthalt; und

der Strombefehl (I"4se) in die Stromsteuerein-
richtung (12) eingegeben wird.

Steuereinrichtung des BLDC-Motors nach Anspruch
12, wobeider Strombefehl in die Stromsteuereinrich-
tung (12) eingegeben wird, nachdem der konstante
Strom (l4s¢) des Drei-Phasen/Zwei-Phasen-Umset-
zers (17) des Ausgangsanschlusses des BLDC-Mo-
tors (16) zu ihr riickgekoppelt worden ist.

Steuereinrichtung nach einem der Anspriiche 9-13,
die durch ein Verfahren nach einem der Anspriiche
1-8 gesteuert wird.

Dunstabzugshaube, die einen Lifter umfasst, der
durch einen BLDC-Motor (16) angetrieben wird, der
durch eine Steuereinrichtung nach einem der An-
spriiche 9-13 gesteuert wird und durch ein Verfahren
nach einem der Anspriiche 1-8 gesteuert wird.

Revendications

1.

Procédé de commande d’'un moteur a courant con-
tinu sans balai, BLDC, le procédé comportant'étape
consistant a :
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comparer un courant constant (l;ss) d'un con-
vertisseur triphasé en biphasé (17) d’'un port de
sortie d'un moteur BLDC (16) en un courant de
référence (lgq) d’'un mode d’écoulement d’air
actuel ;

caractérisé par les étapes consistant a :

en résultat de la comparaison, appliquer
une instruction de vitesse (»*,,) @ une unité
de commande de vitesse de rotation (10) ;
et

commander, par I'unité de commande de
vitesse de rotation (10), une vitesse du mo-
teur BLDC (16) en fonction des instructions
de vitesse (o*,,) appliquées,

dans lequel en résultat de la comparaison,
appliquer une instruction d’augmentation
de vitesse (w*,) & une unité de commande
de vitesse de rotation (10) lorsque le
courant constant (l4se) est inférieur au
courant de référence (lgq), appliquer une
instruction de réduction de vitesse (o*,) a
I'unité de commande de vitesse de rotation
(10) lorsque le courant constant (Iqse) est
supérieur au courant de référence (lgq), et
maintenir et appliquer la méme instruction
de vitesse (0*,) a I'unité de commande de
vitesse de rotation (10) lorsque le courant
constant (l,sc) est le méme que le courant
de référence (lgy).

Procédé selon larevendication 1, dans lequel le cou-
rant de référence (l54) @ une valeur préréglée cor-
respondant a un mode respectif d’'un écoulement
d’air a étages multiples.

Procédé selon la revendication 1 ou la revendication
2, dans lequel les instructions de vitesse (o*,) sont
appliquées a l'unité de commande de vitesse de ro-
tation (10) aprés qu’une vitesse actuelle (®,,) du mo-
teur BLDC (16) est réinjectée dans celle-ci.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel :

I'unité de commande de vitesse de rotation (10)
inclut une commande de vitesse (11) et une
commande de courant (12) ;

I'instruction de vitesse est appliquée a la com-
mande de vitesse (11) ; et

la commande de vitesse (11) applique une ins-
truction de courant (I*¢) correspondant a ins-
truction de vitesse (o*,,) appliquée, & la com-
mande de courant (12).

Procédé selon la revendication 4, dans lequel I'ins-
truction de courant (I*qse) est appliquée a la com-
mande de courant (12) aprés que le courant constant
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(Iqse) du convertisseur triphasé en biphasé (17) du
portde sortie du moteur BLDC (16) estréinjecté dans
celle-ci.

Procédé selon I'une quelconque des revendications
1 a 5, dans un processus d’entrée dans un mode
d’écoulement d’air a vitesse plus élevée que le mode
d’écoulement d’air actuel, le procédé comportant en
outre les étapes consistant a :

obtenir une vitesse instantanée du moteur BL-
DC (16) a un instant auquel le courant constant
(Iqse) du convertisseur triphasé en biphasé (17)
du port de sortie du moteur BLDC (16) dépasse
un courant de référence entrant d’'un mode
d’écoulement d’air correspondant ; et
appliquer la vitesse instantanée obtenue a I'uni-
té de commande de vitesse de rotation (10)
comme une instruction de vitesse temporaire
(0™*,) etmettre finaun processus d’entrée dans
le mode d’écoulement d’air correspondant.

Procédé selon larevendication 6, dans lequel le cou-
rant de référence entrant a une valeur plus élevée
qu’'un courant de référence préréglé du mode
d’écoulement d’air correspondant.

Procédé selon I'une quelconque des revendications
1 a7, dans lequel la vitesse instantanée du moteur
BLDC (16) est obtenue en utilisant un procédé sans
capteur.

Commande d’un moteur BLDC comportant un mo-
teur BLDC (16), et une unité de commande de vites-
se de rotation (10) incluant une commande de vites-
se (11) configurée pour générer une instruction de
courant (I*4s¢) pour commander une vitesse de ro-
tation du moteur BLDC,

dans laquelle la commande d’'un moteur BLDC
(16) comporte en outre une unité de commande
de courant constant (20) configurée pour rece-
voir un courant constant (l,se) du convertisseur
triphasé en biphasé (17) d’un port de sortie du
moteur BDLC (16) en tant qu’entrée, pour com-
parer le courant constant (l;sc) @ un courant de
référence (lgy),

caractérisée en ce que

'unité de commande de courant constant (20)
est en outre configurée pour transmettre une
instruction de vitesse (w*,,) a 'unité de comman-
de de vitesse de rotation (10),

dans laquelle I'unité de commande de courant
constant (20) transmet une instruction d’aug-
mentation de vitesse (w*,) lorsque le courant
constant (lyse) est inférieur au courant de refe-
rence, transmet une instruction de réduction de
vitesse (0*y,) lorsque le courant constant (lgge)
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est supérieur au courant de référence, et main-
tient et transmet la méme instruction de vitesse
(") lorsque le courant constant (lse) est le
méme que le courant de référence.

Commande du moteur BLDC selon la revendication
9, danslequel uneinstruction danslaquelle la vitesse
actuelle (®,) du moteur BLDC (16) est réinjectée
dans l'instruction de vitesse (0*,) transmise a partir
de l'unité de commande de courant constant (20),
est appliquée a I'entrée de la commande de vitesse

(11).

Commande du moteur BLDC selon la revendication
9 ou 10, comportant en outre une unité de détection
de moteur (18) configurée pour recevoir une tension
et/ou un courant d’une extrémité d’entrée du moteur
BLDC (16) et une tension et/ou un courant du port
de sortie du moteur BLDC (16) et transmet des va-
leurs d’'une position angulaire de rotation actuelle
(6,) et d’'une vitesse de rotation actuelle (o) du
moteur BDLC,

dans laquelle la vitesse de rotation (o) transmise
a partir de l'unité de détection de moteur (18) est
réinjectée dans l'instruction de vitesse (o*,) trans-
mise a partir de I'unité de commande de courant
constant (20).

Commande du moteur BDLC selon I'une quelcon-
que des revendications 9 a 11, dans laquelle :

I'unité de commande de vitesse de rotation (10)
inclut en outre une commande de courant (12) ;
et

I'instruction de courant (I*qse) est appliquée a la
commande de courant (12).

Commande du moteur BDLC selon la revendication
12, dans laquelle I'instruction de courant est appli-
quée a la commande de courant (12) apres que le
courant constant (ls.) du convertisseur triphasé en
biphasé (17) du port de sortie du moteur BLDC (16)
est réinjecté dans celle-ci.

Commande selon I'une quelconque des revendica-
tions 9 a 13 et commandée par un procédé selon
I'une quelconque des revendications 1 a 8.

Hotte de cuisine comportant un ventilateur entrainé
par un moteur BLDC (16) commandé par une com-
mande selon 'une quelconque des revendications
9a 13 etcommandé parun procédé selon I'une quel-
conque des revendications 1 a 8.
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FIG. 5
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